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Description 

[0001] The invention concerns the use of di-glycerol- 
phosphate for the stabilization of enzymes, other cellu- 
lar components, and cells against general stress, name- 
ly caused by heat, high osmolarity, desiccation, freeze 
-drying, and repetitive use. 

[0002] Several intracellular, small molecular solutes 
are known to accumulate in high levels when microor- 
ganisms are subjected to extreme environmental con- 
ditions, such as temperature or osmotic stress. These 
solutes generally serve as osmolytes in halotolerant and 
halophilic organisms. 

[0003] Cells use osmolytes in orderto maintain turgor 
pressure and cell volume under osmotic stress. Their 
intracellular accumulation to high levels allows normal 
enzyme activity, without damaging cellular structures. 
Thus : osmolytes are commonly designated as compat- 
ible solutes. In fact, compatible solutes are necessary 
for enzyme function in the dehydrated cytoplasm that 
exists under osmotic stress. 

[0004] The extremely halophilic Archaea and a few 
halophilic anaerobic Bacteria, accumulate K+, Na + and 
CI - in response to changes in the extracellular salt con- 
centration, while all other microorganisms examined uti- 
lise organic compatible solutes for osmotic adjustment 
to water stress. The number of compatible solutes is rel- 
atively small, and fall into certain categories of com- 
pounds such as polyols and derivatives, sugars and de- 
rivatives, amino acids and amino acid derivatives, small 
peptides, betaines, and ectoines [1]. 
[0005] In addition to being compatible with the normal 
activities of the cell, osmolytes also seem to have a pro- 
tective effect on the function of cell components, namely 
proteins. It has been shown that some compatible sol- 
utes are capable of stabilising proteins against temper- 
ature denaturation and denaturing agents such as de- 
tergents, organic solvents, urea and guanidine chloride 
[2 : 3, 4]. 

[0006] The addition of small molecular weight solutes 
to solutions containing proteins leads to alterations in 
the physical properti es of water by increasing the sur- 
face tension and excluding solutes from the water -pro- 
tein interface. In this way, the structure of water in the 
hydration shell of the protein becomes highly organised. 
This effect, reduces the entropy of the hydration shell, 
which is, by itself, thermodynamically unfavourable, and 
leads to the formation of a smaller protein-water inter- 
face. The opening to the solvent of protein side -chains, 
and the consequent rise in the water-protein interface 
area, is a common feature of the denaturation process. 
It is believed that the addition of compatible solutes to 
a protein solution reduces the exposed area of the pro- 
tein, making the denaturation process more difficult and 
thereby, leading to a higher ratio of native to denatured 
forms. 

[0007] The higher stability of proteins in the presence 
of certain small molecular weight organic solutes allows 



enzymes to function under more extreme conditions im- 
posed by temperature, pressure, ionic strength, pH, de- 
tergents and organic solvents. One of the priorities of 
modern biotechnology is to obtain stable enzymes or 

5 agents that stabilise those enzymes against thermal or 
chemical denaturation. The ability of some compatible 
solutes to stabilise enzymes is, therefore, of the utmost 
importance to modern biotechnology. 
[0008] It must also be stressed that compatible sol- 

10 utes protect proteins [5], cell membranes [6] and cells 
[7, 8] from the deleterious effects of desiccation. The 
preservation of desiccated or lyophilized cell compo- 
nents has many applications in medicine (conservation 
of tissues and other products of biological origin), in the 

*5 pharmaceutical industry (microencapsulation of medi- 
cines), the cosmetic industry (liposomes), in the food in- 
dustry (conservation of food), and scientific research 
(maintenance of cultures and cell lines). In spite of the 
great importance of desiccation and freezing in the con- 

20 servation of biological samples, denaturation of proteins 
or a decrease of the viable count of cultures inevitably 
takes place during its use. 

[0009] Dehydration of cell membranes and cells re- 
sults in a phase transition of the lipid bilayer. After rehy- 

25 dration, the membranes undergo a reverse phase tran- 
sition that can lead to the rupture of the membrane. The 
protection of membranes by low molecular weight sol- 
utes is related to the substitution of water between the 
polar head groups by these solutes, thereby maintaining 

30 the appropriate lipid phase when these structures are 
dehydrated. 

[0010] Some thermophilic and hypertermophilic Bac- 
teria and Archaea produce low molecular weight sol- 
utes. These solutes generally accumulate intracellular^ 

35 during growth at supraoptimal temperatures and/or sa- 
linities leading to the suggestion that they exert a pro- 
tective effect on, at least, some cell components. Under 
high growth temperatures, di-rr?yo-inositol-(1 ,1 ^-phos- 
phate and cyclic 2,3'-bisphosphoglycerate accumulate 

40 to high levels in Pyrococcus furiosus and Methano- 
thermus fervidus, respectively [9, 10]. The novel com- 
patible solute, (3-mannosylglycerate. found in several 
thermophilic and hyperthermophilic Bacteria and Ar- 
chaea, has recently been shown to have an important 

45 effect on the stabilisation of enzymes derived from mes- 
ophilic and thermophilic organisms [11]. 
[0011] A novel compatible solute designated 1,1'-di- 
glycerol-phosphate (Figure 1) accumulates in the ar- 
chaeon Archaeoglobus fulgidus [12]. Di-glicerol-phos- 

50 phate represented in figure 1 can exist in all its stereoi- 
someric forms (racemic, meso and optically pure or mix- 
tures thereof), andfigure 1 is intended to include all such 
forms. In this species the intracellular concentration of 
this solute increases concomitantly with the salinity of 

55 the growth medium, and to a lesser extent at supraop- 
timal growth temperatures [12], indicating t hat 1,1'-di- 
glycerol-phosphate can be a thermostabilizer or osmo- 
protective agent. 



2 



3 



EP 0 965 268 B1 



4 



[0012] Although, di-glycerol-phosphate had generi- 
cally been previously envisioned as a possible cryop- 
reservative in long term storage of tissues from animal 
or vegetable origin [EP-A-354474], its use as a highly 
efficient protector of enzymes, proteins, lipid vesicles or 
microbial cell lines against heat salt stress, desiccation 
or routine usage, had never been disclosed. 1,1' -di- 
glycerol-phosphate exerts highly stabilizing effects in 
the milimolar range concentration. This novel feature al- 
lows the use of this new solute as a protective agent of 
high efficiency at low concentration. As was pointed out 
above, conventional general protein stabilisers require 
high concentrations (in the molar range) to exert its ef- 
fect, concentrationsthat in some cases may even hinder 
their use or make it not profitable. 

Figure 1. 

[0013] The chemical synthesis of 1 ,1 '-di-glycerol- 
phosphate (Figure 1) can be accomplished readily and 
efficiently in three steps from commonly available glyc- 
erol in the following manner: 

Stepl- synthesis of 1 ,2-O-cyclohexylideneglycerol 
(Figure 2) accordingto Vogel's Textbook of Practical 
Organic Chemistry, p573 [13]. 

Figure 2. 

[0014] Step2- synthesis of 1 ,1 '-bis(2,3-0-cyclohexy- 
lideneglycerol)phosphate triethylammonium salt (Fig- 
ure 3) from the compound synthesized in step 1 . This 
step is achieved by slowly adding 1 ,2-O-cyclohexyli- 
deneglycerol (prepared according to step 1) in triethyl- 
amine to a vigorously stirred solution of phosphoroyl 
chloride in anhydrous tetrahydrofuran at -78°C. 

Figure 3. 

[001 5] Step3- synthesis of 1 ,1 '-di-glycerol-phosphate 
from the compound prepared in step 2. This step is 
achieved by the overnight treatment, at room tempera- 
ture, of 1,1'-bis(2,3 -0-cyclohexylideneglycerol)phos- 
phate triethylammonium salt with activated Dowex 
50W-X8 (H+) ion exchange resin in order to remove the 
acetal protecting groups and for the isolation of the free 
1 ,1 '-di-glycerol-phosphate as the free acid. 
[0016] Also, stereospecific synthesis of (S,S)-1 ,1 '-di- 
glycerol-phosphate can be accomplished from com- 
monly available D-mannitol in four steps. 
[0017] In the first two steps (S)-1 ,2-O-isopropyli- 
deneglycerol is obtained by the reduction of the corre- 
sponding aldehyde (prepared from D-mannitol by the 
procedures delineated on pgs 654 and 592 of Vogel's 
Textbook of Practical Organic Chemistry, [13]), accord- 
ing to the procedure of M.E. Jung and T.J. Shaw [14]. 
As third and fourth steps (S)-1 ,2-O-isopropylideneglyc- 
erol is converted, through the intermediacy of (S,S)-1 ,1 '- 



bis(2,3-0-isopropylideneglycerol)phosphate triethyl- 
ammonium salt to (S,S)-1 ,1'-di-glycerol-phosphate, in 
exactly the same manner as described for the racemic 
compound. 

5 [001 8] 1 -1 '-di-glycerol-phosphate is considerably bet- 
ter than glycerol as a thermoprotectant for enzymes. 
This product can be used as a stabilising agent of sev- 
eral biological systems, such as. proteins, enzymes, bi- 
ological or artificial membranes or cells, vulnerable to 

10 damage and decreased efficiency (or viability) under 
harsh or stressing conditions, such as high tempera- 
tures, high salt concentrations, desiccation and/orfreez- 
ing, and the action of denaturing agents (organic sol- 
vents, detergents, oxidizing agents and chaotropic sub- 

*5 stances). In addition, 1,1 '-di-glycerol-phosphate can be 
used as an additive in cosmetics, either for stabilisation 
of liposomes or for the improvement of moisturising 
properties. 

20 BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] Figure 1 depicts the chemical structure of 1 ,1'- 
di-glycerol-phosphate in all its stereoisomeric forms. 
[0020] Figure 2 depicts the chemical structure of 
25 1 ,2-O-cyclohexylideneglycerol. 

[0021] Figure 3 depicts the chemical structure of 1 ,1'- 
bis(2,3-0-cyclohexylideneglycerol)phosphate (triethyl- 
ammonium salt). 

[0022] Figure 4 shows the effect of 1 -1 '-di-glycerol- 
30 phosphate on the thermostability of Desulfovibrio gigas 
rubredoxin. The percentage of native protein after 30 
minutes at 90°C as judged from the measurement of ab- 
sorbance at 494 nm in: 

35 A: absence of solutes, B: 1 00 mM potassium phos- 
phate, C: 200 mM glycerol, and D: 100 mM 1,1 '-di- 
glyderol-phosphate, is presented. 

[0023] Figure 5 shows the effect of di-glycerol-phos- 
40 phate on enzymic activities after 10 min incubation at 
50°C of rabbit muscle lactate dehydrogenase (A) and 
baker's yeast alcohol dehydrogenase (B); W: absence 
of solute; G: in the precence of "lOOmM 1 ,1 '-di-glycerol- 
phosphate. 

45 [0024] Figure 6 shows the effect of the concentration 
of 1 , 1 '-di-glycerol-phosphate (•) on the thermal stability 
of rabbit muscle lactate dehydrogenase after 10 min in- 
cubation at 50°C. 



[0025] This example shows that 1 ,1 '-di-glycerol- 
phosphate (Figure 1) can be synthesised from 1 ,1 '-bis 
(2,3-0-cyclohexylideneglycerol)phosphate triethylam- 
55 monium. 

[0026] As a first step synthesis of 1 ,1 '-bis(2,3-0-cy- 
clohexylideneglycerol)phosphate triethylammonium 
salt was accomplis hed by the following manner: 1 ,2-0- 



40 



50 EXAMPLE 1 
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cyclohexylideneglycerol (2.0 g, 11.6 mmol) (prepared 
according to [13] p573), in triethylamine (10 ml_, 71.2 
mmol) was added slowly to a vigorously stirred solution 
of phosphoroyl chloride (0.56 mL, 6.0 mmol) in anhy- 
drous tetrahydrofuran (1 0 mL) at -78°C. Upon complete 
addition of the substrate/triethylamine the reaction mix- 
ture was allowed to stir at -78°C for 1 0 minutes before 
being treated with water (10 mL) and then warmed to 
room temperature. Stirring was continued for about 10 
minutes before the organic phase was separated, and 
the aqueous phase extracted twice with ethyl acetate. 
The aqueous phase was evaporated to dryness giving 
a white solid that was dissolved in approximately 20 mL 
dichloromethane. Exhaustive treatment of this solution 
with diethyl ether allowed precipitation of the triethylam- 
monium hydrochloride byproduct and eventually gave 
only the title compound as a colourless gum (1 .458 g, 
25%). 

[0027] As a second step, 1 ,1 '-bis(2,3-0-cyclohexyli- 
deneglycerol)phosphate triethylammonium salt (1.458 
g, 2.87 mmol) dissolved in distilled water was treated 
with about 30 g of activated Dowex 50W-X8 ion ex- 
change resin. The heterogeneous mixture was stirred 
vigorously overnight, at room temperature, after which 
the ion exchange resin was filtered, washed with dis- 
tilled water and the filtrate evaporated to dryness to fur- 
nish the 1 ,1 '-di-glycerol-phosphate (0.765 g, 85%). 

EXAMPLE 2 

[0028] This example shows that (S,S)-1 ,1 '-di-glycer- 
ol-phosphate can be synthesised from D-mannitol in 
four steps. 

[0029] In step 1 the (S)-1 ,2-O-isopropylideneglyceral- 
dehyde (0.425 g, 3.22 mmol) was prepared from D-man- 
nitol by the procedures delineated on pgs 654 and 592 
of Vogel's Textbook of Practical Organic Chemistry, [13] 
[0030] Step 2 consisted in the preparation of (S)- 
1 ,2-O-isopropylideneglycerol by the reduction of the 
corresponding aldehyde, synthesised in step 1 , accord- 
ing to the procedure of M. E. Jung and T. J. Shaw [14]. 
[0031] In step 3 (S)-1 ,2-O-isopropylideneglycerol was 
converted into (S,S)-1 ,1 '-bis(2,3-0-isopropylideneglyc- 
erol)phosphate triethylammonium in exactly the same 
manner as 1 ,1 '-bis(2,3-0-cyclohexylideneglycerol) 
phosphate triethylammonium of example 1 was pre- 
pared from 1 ,2-O-cyclohexylideneglycerol. 
[0032] As a final step (S,S)-1 ,1 '-di-glycerol-phos- 
phate (0.390 g, 49%), was obtained by the overnight 
treatment, at room temperature, of 1 ,1 '-bis(2,3-0-iso- 
propylideneglycerol)phosphate triethylammonium salt 
with about 20 g of activated Dowex 50W-X8 ion ex- 
change resin. The heterogeneous mixture was stirred 
vigorously, after which the ion exchange resin was fil- 
tered, washed with distilled water and the filtrate evap- 
orated to dryness to furnish the (S,S) -1 ,1 '-di-glycerol- 
phosphate. 



EXAMPLE 3 

[0033] This example shows that 1 ,1 '-di-glycerol- 
phosphate has a thermostabilising effect on protein 
5 structures using Desulfovibrio gigas rubredoxin as a 
model-system. 

[0034] Rubredoxin was obtained and purified as de- 
scribed by LeGall and Dragoni [15] from Desulfovibrio 
gigas. This protein was then stored at -20°C in 10 mM 

10 Tris-HCI buffer at pH 7.6. 

[0035] The most informative feature of the UV-Vis ab- 
sorption spectrum of rubredoxins comes from the sig- 
nals with maxima centered at 380, 494, and 570 nm 
which are attributed to metal to ligand transitions. These 

15 bands are bleached when rubredoxin undergoes de na- 
turation. 

[0036] In the experiments designed to evaluate dena- 
turation caused by thermal stress, rubredoxin was pre- 
pared at a concentration of 84 jig . ml -1 in 10 mM 

20 Tris-HCI buffer pH 7.6 and the incubation mixtures, with 
or without the additions of solutes, were placed in 400 
fil quartz cells in a Beckman spectrophotometer with a 
thermostated cell compartment. The protein was sub- 
jected to a temperature of 90°C and the decrease in the 

25 absorbance at 494 nm was monitored as a function of 
time. 

Figure 4. 

30 [0037] The protective effect of 1 ,1'-di-glycerol-phos- 
phate (at a concentration of 100 mM) was compared 
with that of potassium phosphate (1 00 mM) and glycerol 
(200 mM) (Figure 4). After 30 min incubation of rubre- 
doxin at 90 °C the absorbance decreased by only 8.5% 

35 when 1 ,1 '-di-glycerol-phosphate was present, whereas 
in the absence of any solute a decrease of 73% was 
observed. Furthermore, a comparison of the effect ex- 
erted by 1 , 1 '-di-glycerol-phosphate with that of glycerol 
or potassium phosphate, clearly showed that these so 

40 lutes were not as efficient as 1 , 1 '-di-glycerol-phosphate. 
In fact, the decreases in absorption are as high as 61 
and 58 % in the presence of 200 mM glycerol or 100 mM 
potassium phosphate, respectively. This demonstrates 
the strong thermoprotective effect exerted by 1,1 '-di- 

45 glycerol-phosphate on rubredoxin. 

EXAMPLE 4 

[0038] This example shows that 1 ,1 '-di-glycerol- 
50 phosphate has a thermoprotective effect on the activity 
of enzymes used as model -systems, namely rabbit 
muscle lactate dehydrogenase (LDH) and yeast alcohol 
dehydrogenase (ADH), and can be used to protect en- 
zymes in general against thermal deactivation. 
55 [0039] Lactate dehydrogenase, LDH (Sigma Type III, 
rabbit muscle), purchased as a suspension in ammoni- 
um sulphate, was centrifuged, the supernatant was dis- 
carded, and the enzyme was suspended in 50 mM po- 
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tassium phosphate pH 7.5. Alcohol dehydrogenase 
(Sigma, baker's yeast) was obtained in the lyophilized 
form and used without further purification. Enzymes 
were assayed using a Beckman spectrophotometer with 
a the rmostated cell compartment at 30°C. 5 
[0040] In the experiments where thermal stress was 
imposed, enzymes were prepared at a concentration of 
50 mg . ml -1 in 20 mM potassium phosphate buffer, and 
the reaction mixtures were placed in Eppendorf tubes, 
incubated in a water-bath at 50°C for 10 minutes, cooled io 
in an ice-bath and assayed immediately under standard 
conditions. 

[0041] The effect of 1 ,1 '-di-glycerol-phosphate on the 
thermostability of rabbit muscle LDH and baker's yeast 
ADH was compared to that of glycerol, a compound that 15 
is generally described as an enzyme protector. The per- 
centage of residual activity in relation to pre-incubation 
activity, measured after 1 0 min of incubation at 50°C, is 
shown in Figure 5, for rabbit muscle LDH (A) and yeast 
ADH (B). 20 

Figure 5. 

[0042] 1,1 '-di-glycerol-phosphate exerted a protec- 
tive effect on lactate dehydrogenase (LDH). In fact, after 25 
10 min of incubation at50°C, LDH retained 85% activity 
in the presence of 1 00 mM of 1 ,1 '-di-glycerol-phosphate 
whereas in the presence of 100 mM glycerol or in the 
absence of any solute, only 37% or 30% of residual ac- 
tivity was recovered, respectively. Alcohol dehydroge- 30 
nase showed a similar behaviour. The activity retained 
after 10 min incubation at a temperature of 50°C was 
only of 33% of the initial ac tivity in the absence of any 
solute whereas in the presence of 1 00 mM 1,1' -di-glyc- 
erol-phosphate that value was as high as 88%, and in 35 
200 mM glycerol it was 31%. 

[0043] This comparison between the effects exerted 
by glycerol and 1 , 1 '-di-glycerol-phosphate, showed that 
1 , 1 '-di-glycerol-phosphate is a much more efficient ther- 
moprotector of LDH and ADH than glycerol. 40 

Figure 6. 

[0044] The effect of the concentration of 1 ,1 '-di-glyc- 
erol-phosphate on the thermal stability of LDH was also 45 
monitored, and the results obtained after 10 min incu- 
bation at 50°C are shown in Figure 6. Increased con- 
centrations of 1 ,1 '-di-glycerol-phosphate were increas- 
ingly effective on protecting LDH against thermal stress. 
Concentrations of 1 ,1 '-di-glycerol-phosphate higher 50 
than 200 mM were not tested. However, the increase in 
protection was much more pronounced when the con- 
centration of 1 ,1 '-di-glycerol-phosphate was increased 
from 50 to 100 mM, when compared to the effect when 
the concentration was further increased to 200 mM ; this 55 
suggests "satur ation" of the effect on LDH for a concen- 
tration of 1 ,1 '-di-glycerol-phosphate in the range 100 to 
200 mM. 
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Claims 

1. The utilization of 1 ,1'-di-glycerol-phosphate where- 
in the compound is in any of its possible stereoiso- 
mer^ forms, specifically in its racemic, meso and/ 
or optically active forms, as a stabilizer of cell com- 
ponents or cells against stress. 

2. Chemical synthetic process of 1 ,1 '-di-glycerol- 
phosphate represented in figure 1 wherein the com- 
pound is synthesized in three steps from commer- 
cially available glycerol. As a first step 1 ,2 -O-cy- 
clohexylideneglycerol is prepared. As a second 
step 1,1' -bis(2,3-0-cyclohexylideneglycerol)phos- 
phatetriethylammonium salt is prepared by the re- 
action of 1 ,2-O-cyclohexylideneglycerol with phos- 
phoroyl chloride in anhydrous tetrahydrofuran. As a 
third step 1 ,1 '-di-glycerol-phosphate is synthesized 
by treating 1 ,1 '-bis(2,3-0-cyclohexylideneglycerol) 
phosphate triethylammonium salt with activated 
Dowex 50W-X8 ion exchange resin. 

3. Chemical synthetic process of optically pure (S,S)- 
1 ,1'-di-glycerol-phosphate wherein the compound 
is synthesized from commercially avail able D-man- 
nitol. In the first two steps (S)-1 ,2-O-isopropyli- 
deneglycerol is obtained by the reduction of the cor- 
responding aldehyde. In the third and fourth steps 
(S)-1 ,2-O-isopropylideneglycerol is converted, 
through the intermediacy of (S ; S)-1 ,1'-bis(2,3-0- 
isopropylideneglycerol)phosphate triethylammoni- 
um into (S,S)-1 ,1 '-di-glycerol-phosphate, according 
to claim 2. 

4. Chemical synthetic process of optically pure (R, R)- 
1 ,1'-di-glycerol-phosphate wherein the compound 
is synthesized from commercially availa ble D-man- 
nitol. In the first two steps (R)-1 ,2-O-isopropyli- 
deneglycerol is obtained by the reduction of the cor- 
responding aldehyde. In the third and fourth steps 
(R)-1 ,2-O-isopropylideneglycerol is converted, 
through the intermediacy of (R,R)-1 ,1'-bis(2,3-0- 
isopropylideneglycerol)phosphate triethylammoni- 



um salt into (R,R)-1 ,1 '-di-glycerol-phosphate, ac- 
cording to claim 2. 

5. Chemical synthetic process of 1 ,1'-di-glycerol- 
5 phosphate according to claims 2, 3 and 4 wherein 
the compound is in any of its possible stereoisomer- 
ic forms, specifically in its racemic, meso and/or op- 
tically active forms. 

10 6. The utilization of 1 ,1 '-di-glycerol-phosphate accord- 
ing to claim 1 wherein as thermostabilizing agent on 
lactate dehydrogenase, alcohol dehydrogenase, 
and rubredoxin, and any other enzyme of microbial, 
plant or animal sources to improve its thermal sta- 

15 bility. 

7. The utilization of 1 ,1 '-di-glycerol-phosphate accord- 
ing to claim 1 wherein to protect enzymes or other 
proteins against temperature denaturation induced 

20 by purification, transport and/or storage. 

8. The utilization of 1 ,1 '-di-glycerol-phosphate accord- 
ing to claim 1 wherein as a protector of the activity 
of polymerase chain reaction (PCR) enzymes for 

25 clinical, biological and industrial purposes during 
the s torage, as well as the high-temperature recy- 
cling of the enzymes. 

9. The utilization of 1 ,1 '-di-glycerol-phosphate accord- 
30 ing to claim 1 wherein as a stabiliser of enzymes or 

other proteins during lyophilization, desiccation or 
freeze-drying and storage at low temperatures. 

10. The utilization of 1 ,1 '-di-glycerol-phosphate accord- 
35 ing to claim 1 wherein as a stabilising agent during 

the manufacture, storage and assays using test kit 
enzymes, thereby prolonging storage and higher ef- 
ficiency of said enzymatic test kits for diagnostic, 
biological and industrial purposes. 

40 

11. The utilization of 1 ,1 '-di-glycerol-phosphate accord- 
ing to claim 1 wherein to stabilise enzymes or other 
proteins during their routine utilization for clinical, 
biological and industrial purposes, namely when 

45 used in biosensors. 

12. The utilization of 1 ,1 '-di-glycerol-phosphate accord- 
ing to claim 1 wherein for the protection against 
stress such as desiccation and lyophilization of cell 

50 membranes, liposomes, liposome -containing cos- 
metics or lipid related substances. 

13. The utilization of 1 ,1 '-di-glycerol-phosphate accord- 
ing to claim 1 wherein as an additive to cosmetics. 

55 

14. The utilization of 1 ,1 '-di-glycerol-phosphate accord- 
ing to claim 1 wherein for protection against dam- 
age caused by lyophilization, desiccation, hightem- 
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peratures, and freezing to microbial cells. 



Patentanspruche 

1. Verwendung von 1 .1 '-Diglycerol-phosphat, wobei 
die Verbindung in einer ihrer moglichen stereoiso- 
meren Formen vorliegt, insbesondere als Racemat, 
in der meso- und/oder einer optisch aktiven Form, 
als StabilisatorfurZellkomponenten oderZellen bei 
Belastung. 

2. Verfahren zur chemischen Synthese von 1,1 '-Di- 
glycerol-phosphat, dargestellt in Figur 1 , wobei die 
Verbindung, ausgehend von kommerziell erhaltli- 
chem Glycerol, in 3 Stufen synthetisiert wird. In ei- 
nem ersten Schrittwird 1 ,2-O-Cyclohexylidenglyce- 
rol hergestellt. In einem zweiten Schrittwird 1,1'- 
Bis-(2,3-0-Cyclohexylidenglycerol)-phosphat 
Triethylammoniumsalz durch Reaktion von 
1,2-O-Cyclohexylidenglycerol mit Phosphorylchlo- 
rid in wasserfreiem Tetrahydrofuran hergestellt. In 
einem dritten Schritt wird 1 ,1 '-Diglycerol-phosphat 
durch Behandlung von 1 ,1 '-Bis-(2,3-0-Cyclohexyli- 
denglycerol)-phosphat Triethylammoniumsalz mit 
aktiviertem Dowex 50W-X8 lonenaustauscherharz 
synthetisiert. 

3. Verfahren zur chemischen Synthese von optisch 
reinem (S,S)-1 ,1 '-Diglycerol-phosphat, wobei die 
Verbindung aus kommerziell erhaltlichem D-Mannit 
synthetisiert wird. In den ersten beiden Schritten 
wird (S)-1 ,2-O-lsopropylidenglycerol durch Reduk- 
tion des entsprechenden Aldehydserhalten. Im drit- 
ten und vierten Schritt wird (S)-1 ,2-O-lsopropyli- 
denglycerol uber die Zwischenstufe des (S,S)-1 ,1 '- 
Bis-(2,3-0-lsopropylidenglycerol)-phosphat 
Triethylammoniumsalzes in (S,S)-1 ,1 '-Diglycerol- 
phosphat umgewandelt, entsprechend Anspruch 2. 

4. Verfahren zur chemischen Synthese von optisch 
reinem (R,R)-1 ,1 '-Diglycerol-phosphat. wobei die 
Verbindung aus kommerziell erhaltlichem D-Mannit 
synthetisiert wird. In den ersten beiden Schritten 
wird (R)-1 ,2-O-lsopropylidenglycerol durch Reduk- 
tion des entsprechenden Aldehydserhalten. Im drit- 
ten und vierten Schrittwird (R)-1 ,2-O-lsopropyliden- 
glycerol uber die Zwischenstufe des (R,R)-1,1'- 
Bis-(2,3-0-lsopropylidenglycerol)-phosphat 
Triethylammoniumsalzes in (R,R)-1 ,1 '-Diglycerol- 
phosphat umgewandelt, entsprechend Anspruch 2. 

5. Verfahren zur chemischen Synthese von 1,1 '-Di- 
glycerol-phosphat nach den Anspruchen 2, 3 und 
4, wobei die Verbindung in einer ihrer moglichen 
stereoisomeren Formen vorliegt, insbesondere als 
Racemat, als meso- und/oder optisch aktive Form. 



6. Verwendung von 1 ,1 '-Diglycerol-phosphat nach 
Anspruch 1 alsthermostabilisierender Stoff fur Lac- 
tatdehydrogenase, Alkoholdehydrogenase, Rubre- 
doxin und andere Enzyme mikrobiellen, pflanzli- 

5 chen oder tierischen Ursprungs zur Verbesserung 
ihrer Hitzestabilitat. 

7. Verwendung von 1 ,1 '-Diglycerol-phosphat nach 
Anspruch 1 zum Schutz von Enzymen oder ande- 

10 ren Proteinen gegen Temperaturdenaturierung, 
hervorgerufen durch Reinigung, Transport und/ 
oder Lagerung. 

8. Verwendung von 1 ,1 '-Diglycerol-phosphat nach 
15 Anspruch 1 als Schutz der Aktivitat von Enzymen 

fur die Polymerase-Kettenreaktion (PCR) fur klini- 
sche, biologische und industrielle Zwecke wahrend 
der Lagerung der Enzyme als auch wahrend der 
Hochtemperaturzyklen. 

20 

9. Verwendung von 1 ,1 '-Diglycerol-phosphat nach 
Anspruch 1 als Stabilisator von Enzymen oderan- 
deren Proteinen wahrend der Lyophilisierung, 
Trocknung oder Gefriertrocknung und Lagerung bei 

25 niedrigen Temperaturen. 

10. Verwendung von 1 ,1 '-Diglycerol-phosphat nach 
Anspruch 1 als Stabilisator wahrend der Herstel- 
lung, Lagerung und Prufung bei der Verwendung 

30 von Testkitenzymen, wobei die Lagerungsmoglich- 
keit verlangert und die Effizienz der enzymatischen 
Testkits fur diagnostische, biologische und industri- 
elle Zwecke erhoht wird. 

35 11. Verwendung von 1 ,1 '-Diglycerol-phosphat nach 
Anspruch 1 zur Stabilisierung von Enzymen oder 
anderen Proteinen wahrend der Routineverwen- 
dung fur klinische, biologische und industrielle 
Zwecke, namlich bei Verwendung in Biosensoren. 

40 

12. Verwendung von 1 ,1 '-Diglycerol-phosphat nach 
Anspruch 1 zum Schutz von Zellmembranen, Lipo- 
somes Liposomen enthaltenden Kosmetika oder li- 
pidahnlichen Substanzen bei Belastungen wie 

45 Trocknung und Lyophilisierung. 

13. Verwendung von 1 ,1 '-Diglycerol-phosphat nach 
Anspruch 1 als Additiv fur Kosmetika. 

50 14. Verwendung von 1 ,1 '-Diglycerol-phosphat nach 
Anspruch 1 zum Schutz von mikrobiellen Zellen ge- 
gen Schaden durch Lyophilisierung, Trocknung, ho- 
ne Temperaturen und Einfrieren. 



1 . Utilisation de 1 ,1 '-di-glycerol phosphate, caracteri- 
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see par le fait que le compose se presente sous 
Tune de ses formes stereoisomeriques possibles, 
specialement sous forme racemique, meso et/ou 
optiquement active, en tant que stabilisateur de 
composants cellulaires ou de cellules sous stress. 

2. Procede de synthese chimique du 1 ; 1 '-di-glycerol 
phosphate represents sur la figure 1 , caracterise 
par le fait que le compose est synthetise en trois 
etapes a partir de glycerol disponible dans le com- 
merce. La premiere etape consiste en une prepa- 
ration de 1 ,2-O-cyclohexylidene-glycerol. A la 
deuxieme etape, on prepare un sel triethylammo- 
nium de 1 ,1 '-bis(2,3-0-cyclohexylidene-glycerol 
phosphate par reaction de 1 ,2-O-cyclohexylidene- 
glycerol avec du phosphoroyle chloride dans du te- 
trahydrofurane anhydre. A la troisieme etape, le 
1 , 1 '-di-glycerol phosphate est synthetise par le trai- 
tement du sel triethylammonium de 1 ,1 '-bis(2,3-0- 
cyclohexylidene-glycerol)phosphate avec une resi- 
ne echangeuse d'ions Dowex 50W-X8 ion activee. 

3. Procede de synthese chimique du (S,S)-1 ,1 '-di-gly- 
cerol phosphate optiquement pur, caracterise par 
le fait que le compose est synthetise a partir de D- 
mannitol disponible dans le commerce. Aux deux 
premieres etapes, on obtient du (S)-1 ,2-O-isopro- 
pylidene-glycerol par reduction de I'aldehyde cor- 
respondant. A la troisieme et a la quatrieme etape, 
le (S)-1 ,2-O-isopropylidene-glycerol est converti, 
par I'intermediation de sel triethylammonium de (S, 
S)-1 ,1'-bis(2,3-0-isopropylidene-glycerol) phos- 
phate en (S,S)-1,1'-di glycerol phosphate, confor- 
mement a la revendication 2. 

4. Procede de synthese chimique du (R,R)-1 ,1 '-di-gly- 
cerol phosphate optiquement pur, caracterise par 
la synthetisation du compose a partir de D-mannitol 
disponible dans le commerce. Aux deux premieres 
etapes, on obtient du (R)-1 ,2-O-isopropylidene-gly- 
cerol par reduction de I'aldehyde correspondant. A 
la troisieme et a la quatrieme etape, le (R)-1 ,2-O- 
isopropylidene-glycerol est converti, par I'interme- 
diation de sel triethylammonium (R,R)-1 ,1 '-bis 
(2,3-0-isopropylidene-glycerol)phosphate, en gly- 
cerol (R,R)-1 ,1'-di phosphate, conformement a la 
revendication 2. 

5. Procede de synthese chimique du 1 : 1 '-di-glycerol 
phosphate conformement aux revendications 2, 3 
et 4 , caracterise par le fait que le compose se 
presente sous I'une de ses formes stereoisomeri- 
ques possibles, specifiquement sous ses formes 
racemiques, meso et/ou actives optiquement. 

6. Utilisation de 1 ,1 '-di-glycerol phosphate conforme- 
ment a la revendication 1 , caracterisee par son ac- 
tion en tant qu'agent thermo stabilisant pour lactate 



dehydrogenase, alcool dehydrogenase, rubredoxi- 
ne, ettoute autre enzyme provenant de sources mi- 
crobiennes, vegetales ou animales, dans un but 
d'amelioration de leur stabilite thermique. 

5 

7. Utilisation de 1 ,1 '-di-glycerol phosphate conforme- 
ment a la revendication 1 , caracterisee par le but 
de proteger enzymes ou autres proteines de la de- 
naturation de temperature causee par la purifica- 

10 tion, le transport et/ou le stockage. 

8. Utilisation de 1 ,1 '-di-glycerol phosphate conforme- 
ment a la revendication 1 , caracterisee par la pro- 
tection de I'activite des enzymes dans la reaction 

15 en chaine par polymerase (PCR) a des fins clini- 
ques, biologiques et industrielles pendant le stoc- 
kage, aussi bien que par le recyclage a haute tem- 
perature des enzymes. 

20 9. Utilisation de 1 ,1 '-di-glycerol phosphate conforme- 
ment a la revendication 1 , caracterisee par la sta- 
bilisation d'enzymes ou autres proteines pendant la 
lyophilisation, la dessiccation ou la lyophilisation et 
le stockage a basses temperatures. 

25 

10. Utilisation de 1 ,1 '-di-glycerol phosphate conforme- 
ment a la revendication 1 , caracterisee par une ac- 
tion d'agent stabilisant pendant la fabrication, le 
stockage et les essais avec utilisation d'un test kit 
30 d'enzymes, et en obtenant ainsi un stockage pro- 
longs et une efficience plus elevee des tests kits 
enzymatiques susmentionnes a fins diagnostiques, 
biologiques et industrielles. 

35 11. Utilisation de 1 ,1 '-di-glycerol phosphate conforme- 
ment a la revendication 1 , caracterisee par la sta- 
bilisation des enzymes ou autres proteines pendant 
leur utilisation de routine a des fins cliniques, biolo- 
giques et industrielles, a savoir quand elles sont uti- 
40 lisees dans les biocapteurs. 

12. Utilisation de 1 ,1 '-di-glycerol phosphate conforme- 
ment a la revendication 1, caracterisee par une 
protection contre des stress tels que la dessiccation 
45 et la lyophilisation de membranes cellulaires, de li- 
posomes, de produits cosmetiques contenant des 
liposomes ou de substances apparentees aux lipi- 
des. 

50 13. Utilisation de 1 ,1 '-di-glycerol phosphate conforme- 
ment a la revendication 1 , caracterisee par leur ad- 
dition a des produits cosmetiques. 

14. Utilisation de 1 ,1 '-di-glycerol phosphate conforme- 
55 ment a la revendication 1 , caracterisee par la pro- 
tection contre les dommages causes aux cellules 
microbiennes par la lyophilisation. la dessiccation, 
les hautes temperatures et la congelation. 
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Figure 1 
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Figure 3 
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Figure 4 
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Figure 5 
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